SC13108TP 

METHOD FOR REDUCING CORROSION OF METAL SURFACES 
DURING SEMICONDUCTOR PROCESSING 

Field of the Invention 
5 This invention relates to semiconductor processing, and more 

particularly, to reducing corrosion of metal surfaces that are exposed during the 
processing. 

Related Art 

10 In the manufacturing of semiconductors, one of the problems has been 

corrosion of metal surfaces, especially when the metal is copper. This problem 
occurs primarily in one of two situations. One situation arises from the copper 
being deposited into trenches in an interlayer dielectric (ILD) and then 
subjected to chemical mechanical polishing (CMP). This CMP processing is in 

15 preparation for a subsequent ILD deposition, but this ILD deposition may not 
be able to be caiTied out immediately. Thus, there may be wafers with exposed 
copper that are in the ambient conditions of the fabrication facility. In such 
cases there is significant humidity. A typical amount of humidity is 40%. In 
this level of humidity, the copper begins corroding and given enough time, the 

20 corrosion is sufficient to cause two of the copper lines to be shorted together. 
One of the techniques to prevent this has been to have queue time rules that the 
wafers with the exposed copper can only be in the ambient conditions for a set 
amount of time. In practice, however, it is very difficult to keep such rules. 
The equipment that is used for subsequent processing may not be available for a 

25 variety of reasons, such as maintenance, repair, replacement, or qualification. 
This also may prevent optimum usage of the CMP. Optimum use of the CMP 
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equipment can cause a big build-up in the amount of wafers with exposed 
copper. Such build-up can cause an imbalance on the work in process (WIP) in 
the line and thus force wafers to be exposed to the ambient for too long. 
Similar problems occur during via formation in both copper and 
5 aluminum. In the case of vias, a hole is formed in the ILD above the metal 
layer and thereby the hole exposes a portion of the underlying metal. Exposure 
to the ambient causes the same corrosion situation. In this case the failure that 
is caused is an open instead of a short but the adverse effect is equally bad for 
both either a short or an open. 
10 Thus, there is a need for a technique to allow for wafers to be able to 

have exposed metal surfaces for longer periods of time prior to the next stage in 
processing. 

15 Brief Description of the Drawings 

The present invention is illustrated by way of example and not limited by 
the accompanying figures, in which like references indicate similar elements, 
and in which: 

FIG. 1 is a cross section of a semiconductor device according to an 
20 embodiment of the invention at a stage in processing; 

FIG. 2 is a cross section of the semiconductor device of FIG. 1 at a 
subsequent stage in processing; 

FIG. 3 is a cross section of the semiconductor device of FIG. 2 at a 
subsequent stage in processing; 
25 FIG. 4 is a cross section of the semiconductor device of FIG. 3 at a 

subsequent stage in processing; 
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FIG. 5 is a cross section of the semiconductor device of FIG. 4 at a 
subsequent stage in processing; 

FIG. 6 is a cross section of the semiconductor device of FIG. 5 at a 
subsequent stage in processing; 
5 FIG. 7 is a cross section of the semiconductor device of FIG. 6 at a 

subsequent stage in processing; 

FIG. 8 is an apparatus useful in performing one or more of the processes 
used in the progression of steps shown in FIGs. 1-7. 

Skilled artisans appreciate that elements in the figures are illustrated for 
10 simplicity and clarity and have not necessarily been drawn to scale. For 
example, the dimensions of some of the elements in the figures may be 
exaggerated relative to other elements to help improve the understanding of the 
embodiments of the present invention. 
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Detailed Description of the Drawings 
In one aspect, a semiconductor process exposes metal in anticipation of 
an additional processing step that includes a deposition of a layer. Between the 
two processing steps, the exposed metal is exposed to ambient conditions that 
5 may include humidity. The effect of the humidity is potentially to cause 
corrosion of the exposed metal causing a yield loss. In order to withstand the 
various time periods that may occur between processing steps, an inhibitor is 
applied to the exposed surface causing the formation of a very thin protective 
layer on the exposed metal, which greatly inhibits corrosion. This thin 

10 protective layer does not cause any problems with the subsequent step because 
the typical following steps all, by their very nature, remove the protective layer. 
Thus, the time period between the processing step that exposes the metal and 
the next step is no longer critical due to the protective layer. This is better 
understood as shown in the drawings and described in the following 

15 description. 

Shown in FIG. 1 is a semiconductor device 10 comprising a 
semiconductor substrate 1 1, a metal layer 12, an interlayer dielectric (ILD) 14, a 
via hole in ILD 14 to conductor 12, a protective layer 18, and a corrosion 
inhibitor 20 in the vapor. Semiconductor substrate 1 1 may be just 

20 semiconductor material, semiconductor on insulator (SOI), or another 

alternative useful as a substrate in semiconductor manufacturing. Metal layer 
12 is preferably copper but may be another metal such as aluminum. Metal 
layer 12 is shown being immediately over substrate 1 1 for simplicity but in 
practice, there would other features, such as transistors, between substrate 11 

25 and metal layer 12. ILD 14 is any dielectric useful for separating conductor 
layers. ILDs have generally been a form of silicon oxide but are becoming 
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more preferably of a low k material. Protective layer 18 is formed by the 
application of corrosion inhibitor 20. Corrosion inhibitor 20 is applied in the 
vapor phase and results in protective layer 18 as a monolayer of corrosion 
inhibitor 20 bonded to metal layer 12. Inhibitor 20 may also be on ILD 14 but 
5 does not bond to ILD 14. Inhibitor 20 is a material that bonds to metal and 
inhibits the passage of moisture when so bonded. The choice of the exact 
composition of inhibitor 20 may be optimized for the particular metal being 
protected. Such inhibitors are commercially available from Cortec Corporation 
of St. Paul, Minnesota. 

10 Without protective layer 18 and in the presence of moisture, a potential 

can develop that causes corrosion. Protective layer 18 inhibits this corrosion so 
that semiconductor device 10 of FIG. 1 can be exposed to typical ambient 
conditions with minimal risk of corrosion. Thus, there is no urgency in 
bringing semiconductor device 10 to the next step in processing. Inhibitor 20 

15 may be applied by any convenient way but should be applied as soon as 

possible after via 16 exposes conductor 12. The application of inhibitor 20 may 
be by putting the wafers in a box with a source of inhibitor 20. In such case the 
source of inhibitor 20 can be a pad impregnated with inhibitor 20. Another 
approach is to apply inhibitor 20 immediately following the etch forming via 16 

20 by direct application of inhibitor 20 to the wafers being etched. This can be 
achieved by an etch tool that has inlet for inhibitor 20. 

Shown in FIG. 2 is a semiconductor device 10 after a layer 22 is 
deposited using plasma. Layer 22 can be variety of barriers. Examples of such 
barriers includes tantalum, tantalum nitride, or titanium nitride, as well as other 

25 barrier materials. In addition a seed layer of copper can be formed over the 
barrier layer. Thus layer 22 can be just a barrier layer or a composite of a 
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barrier layer and a copper layer. Tantalum and tantalum nitride are both 
typically deposited by sputtering, which includes the use of plasma. 
Immediately prior to performing the sputter deposition, a preclean using an 
argon plasma is performed that has the effect of breaking up protective layer 18. 
5 Protective layer 18 is thus a sacrificial layer because it is removed after it has 
performed its beneficial function. This preclean is used for removing native 
oxide that is formed on the surface of metal conductor 12 at the bottom via 16. 
If such a preclean were not necessary, the sputtering step itself, because it uses 
plasma and is under vacuum, may be adequate to break up protective layer 18. 

10 After the preclean, layer 22 is deposited. 

Shown in FIG. 3 is semiconductor device 10 after application of inhibitor 
24 that forms protective layer 26 over layer 22. Inhibitor 24 can be applied in 
the manner described for inhibitor 20 in FIG. 1 with an impregnated pad or 
similar to FIG. 1 as being applied to the wafers receiving the deposition while 

15 still in the deposition tool. The composition of inhibitor may be preferably a 
somewhat different composition from that of inhibitor, especially if the layer 22 
is of a different material from that of conductor 12. 

Shown in FIG. 4 is semiconductor device 10 after via 16 has been filled 
by metal layer 28. In the case of layer 22 including a copper seed layer, metal 

20 layer 28 comprises copper. In the case of copper, layer 28 is deposited by 

electroplating which uses electrical pulses for the copper plating. In such case, 
layer 26 of FIG. 3 is removed immediately upon the application of the first 
electrical pulse. The electroplating process proceeds normally after such 
removal of layer 26. In the case of layer 12 being aluminum, layer 28 could be 

25 a via plug material, such as tungsten, or simply aluminum. In either case the 
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deposition is preceded by a preclean such as that described for the preclean of 
conductor 12 prior to the deposition of layer 22. 

Shown in FIG. 5 is a semiconductor device 10 after a chemical 
mechanical polishing (CMP) process particularly applicable to layer 28 being 
5 copper or tungsten fill. Layer 28 that fills via 16 thus has an exposed surface 
that is susceptible to corrosion in the presence of moisture present in typical 
ambient conditions. This situation shown in FIG. 5 is potentially even more at 
risk to corrosion than the via situation because adjacent lines may be very close 
together, whereas vias have depth in addition to the distance that the vias are 
10 apart. 

Shown in FIG. 6 is semiconductor device 10 after application of inhibitor 
30 to form protective layer 32 on layer 28 and layer 22 that is exposed. 
Inhibitor 30 may have a somewhat different composition from inhibitors 20 and 
24, depending upon the particular metal type being protected. 

15 Shown in FIG. 7 is semiconductor device 10 after formation of layer 34. 

In the case of layer 28 being copper, layer 34 is an ILD. In the case layer 28 
being a tungsten plug or the like, layer 34 is aluminum. In the case of layer 34 
being an ILD, layer 32 is broken up by the nature of the deposition of the ILD, 
which is a plasma enhanced deposition. In the case of layer 34 being 

20 aluminum, which is deposited by a sputtering process, there is a preclean as 
described for the deposition of layer 22. 

Additional steps that expose metal use inhibitors in the same manner as 
appropriate as described for FIGs. 1-7. The use of inhibitors can extend even to 
the bond pads if found to have a corrosion problem. 

25 Shown in FIG. 8 is an apparatus 40 comprising a tool 36 useful for 

processing semiconductor device 10 and a vapor corrosion inhibitor (VCI) 
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source that supplies an inhibitor to semiconductor device 10 while 
semiconductor device 10 is present in tool 36. In operation, tool 36 performs a 
particular processing operation on semiconductor device 10 that exposes a 
metal surface. Exemplary processing steps include CMP processing, opening a 
5 via, and depositing a metal layer such as a barrier layer. Immediately upon 
completion of the processing step that exposes metal, the inhibitor from VCI 
source 38 is released to semiconductor wafer 10. This allows for minimum 
time between the processing which exposes the metal and the application of the 
inhibitor. 

10 For a simpler alternative, instead of a tool 36, an enclosure that is 

impregnated with the inhibitor can be used. In a simple form, the box is simply 
lined with a material that is both capable of holding the inhibitor and 
sufficiently outgassing it to achieve the desired protective layer. 

In the foregoing specification, the invention has been described with 

15 reference to specific embodiments. However, one of ordinary skill in the art 
appreciates that various modifications and changes can be made without 
departing from the scope of the present invention as set forth in the claims 
below. For example, specific examples of situations where metal is exposed 
were explained as benefiting from application of an inhibitor, but other 

20 situations that expose metal may also be situations that benefit from the 

application of an inhibitor. Accordingly, the specification and figures are to be 
regarded in an illustrative rather than a restrictive sense, and all such 
modifications are intended to be included within the scope of present invention. 
Benefits, other advantages, and solutions to problems have been 

25 described above with regard to specific embodiments. However, the benefits, 
advantages, solutions to problems, and any element(s) that may cause any 
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benefit, advantage, or solution to occur or become more pronounced are not to 
be construed as a critical, required, or essential feature or element of any or all 
the claims. As used herein, the terms "comprises," "comprising," or any other 
variation thereof, are intended to cover a non-exclusive inclusion, such that a 
process, method, article, or apparatus that comprises a list of elements does not 
include only those elements but may include other elements not expressly listed 
or inherent to such process, method, article, or apparatus. 



